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4-  th®  third  odC  a  series  of  reports  describing  the 
.  naster  of  related  investigations  conducted  under 
-  t^de^  691^-^  ^  69*4^-91  b7  the  Psytdiology'  Branch, 

Dillon,  Air  Matertol 
^  purpose  of  those  ixrvestlgations  Is  to  provide 


S^i*A*reeardL«  pilots*  eye  aovenants  during  Inataninent 
*  Such  backgro^  research  parovldes  the  answers  to  many 
eicountored  In  deslpilng  aircraft  Instnanants  and 
panels  on  idiich  a  large  nunber  of  instruments  must 
the  most  effective  may. 


c^r*.  Jones  and  Lt.  Milton  more  responsible  for  all 

and  supervised  the  fUn  reading  and  analysis  of 
Set.  Morris  was  the  photographer  on  all  flights, 
the  film  and  prepared  the  reference  slides.  Dr#  Pitts 
In  planning  the  study  and  advised  on  various  details 
JJ^^jpgrtoental  procedures  and  data  analysis. 


Iha  authors  wish  to  express  their  appreciation  to  a 
itStwr  of  Indivlduala  for  valuable  assiatanoe  In  conducting 
«e  project*  to  the  Special  Photographic  Services  Branch 
euh  did  the  photographic  voodc;  to  the  personnel  of  the  United 
hitM  ilr  Poroe  bistrument  Pilot  School,  Barksdale  Air  Porce 
W*,  the  All  Heather  Plying  Division,  Clinton  Conpxby  Air  Poroe 
Am,  end  the  Mrlght^Patterson  Air  Poroe  Base  Ihstrunent  School 
•o  rolunteered  as  subleotsi  and  to  Ih*.  P.  J.  Erchmer  ^o 
jrejared  the  illustrations*  Special  aoknoirledgment  is  due  to 
e.  Charles  Simon  and  a  number  of  students  from  Antiooh  College 
•o  Mslsted  in  reading  the  film  records  and  In  analysing  the 

eu. 
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iBSTR&CT 


This  xlspoort  Is  the  IMrd  in  a  sairlss  dsaling  sith  thB 
^Basureaeat  of  oys  nowmts  of  pilots  dorlng  tpstnamt  fllc^t* 
tbo  ft’sqaeney,  duration^  and  aeqaenos  of  eye  fixations  aads  by 
torts'  tISAF  i^ots  shen  flying  QGi  approadies  am  smaMrieed, 
fisstijoaa  <m  the  prinaxy  instzunents  Tazy  frcm  33  pez*  nlinite 
OD  the  dlreotlonal  gyro  to  3  per  Btimte  on  the  tom  and  bank 
indicator*  Over  three^oorths  of  all  fixations  are  aade  on  three 
Instrunants— the  directional  g^B  SS^  horlaon  and  the 

airspeed  indicator*  The  length  of  fixations  vary  fron  an  average 
of  0*90  second  on  the  directional  gyro  to  0*36  sec<xid  on  the 
tuzn  and  bank  indicator*  ippraciitttely  one-half  of  the  pilots* 
tiae  is  spent  observing  the  directional  gyro  and  an  additional 
f otir-tenths  of  theirtijDe  is  spent  observing  the  gyro  horizon 
and  airspeed  indicator*  Among  these  pilots,  flying  experience 
did  not  have  any  significant  relation  to 'rate  of  eye  fixation* 

Ejne  Uoveasnt  link  Yaluee  betseein  all  inatmments  are  preeented* 
From  these  data  an  (qptimam  arrangement  of  Instruments  on  the 
panel  can  be  detenained*  Since  this  arrangement  varies  for 
different  maneuvers,  reooiBnsndations  on  this  point  are  withheld 
pending  Ihe  completion  of  similar  analyses  for  other  msneuvere* 
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I,  PDRPOSE  OF  THE  STODT 


riresent  report  covers  part  of  the  data  obtained  during  a  series 
lotions  of  how  pilots  nse  their  eyes  during  instrument  fii^t, 

^  conducted  to  determine  the  answers  to  such  questions 

rliilowlng:  How  much  of  the  instrument  panel  do  pilots  ctoserve 
**  ^  i^ce"’  How  often  is  each  Instrument  checked  during  parUcular 
•gt  »  ‘  is  required  to  check  each  Instrument?  TIhat 

•*^^0  of  the  total  time  available  is  spent  In  seeking  Infomatlon 

of  the  different  Instruments?  How  are  the  frequency  add  duration 
fixations  inflvenced  by  factors  such  as  pilot  experience,  Instrument 
Jgement,  Instrument  lifting,  and  the  particular  maneuver  being 
at  the  time? 

The  results  for  GCA  approaches  are  sumncurized  in  the  present  report, 
on  eve  movement  during  ILAS  approaches,  during,  maneuvers 
itltudes  during  contact  landings  and  take-offs  and  during  ni^t  fli^us 
JJe  presented  in  other  reports  in  this  series. 


II.  PROCEDURES  FOLLOWED  IN  OBTAINING  EXE  FIXATION 
RECCfiDS  DURING  GCA  APPROACHES 


The  procedures  followed  in  the  present  study  are  described  In  detail 
in  USAF  Air  Materiel  Command  Technical  Report  No.  5^7*  ®xe  description 
coTBTs  recording  techniques,  film  analysis  procedures,  the  various  maneuvers 
flowi,  and  the  reliability  of  the  resulting  data.  Briefly,  these 
procedures  were  as  follows: 

Photograp^*^  c  Recording.  A  thirty^f ive  millimeter  camera  was  Installed 
In  a  aircraft  so  "Uiat^the  face  and  eyes  of  the  pilot  could  be  photo- 
eraphed  as  they  were  reflected  In  a  rectangular  mirror  attached  to  the 
Instrument  panel  at  the  center  of  the  flight'’ Instnanent  groiq).  Photographic 
rscords  were  made  at  8  frames  per  second  during  critical  maneuvers.  A 
special  blind  flying  hood  was  used  to  limit  the  pilot*  w  vision  to  the 
Instrument  panel.  A  view  of  the  recording  camera  and  miiror  is  shown  in 
figure  1, 

FU^t  Procedures.  Each  of  1^0  USAF  pilots  qade  two  approfwhes  for 
*  landing  using  standard  GCA  procedures  under  simulated  Instrument 
Mndltions.  The  camera  was  started  as  the  aircraft  petssed  over  a  point 
(CM)  approximately  U  l/2  mllew  from  touch-down  and  a  thirty-second  sample 
®7®  fixations  was  obtained.  The  camera  was  again  Started  as  the  alr- 
**“aft  passed  over  a  point  (MM)  approximately  1  l/2  miles  from  toich^down 
a  second  thirtyHieoond  sample  of  ey^  fixations  was  obtalred.  In 
^^tade  and  distance  firom  touch-down,  these  two  points  correspond  to 
^  location  of  the  outer  maxicer  and  middle  aiarkar  beacons  of  the  USAF 
troaant  Low  Approach  System  (ILAS). 


*'*-9967 


1 


FIGURE  a 


rtUB  Analyslfl.  All  film  records  collected  in  the  present  study  irere 
Vy  feame^  Standard  reference  photographs,  taken  at  the 
■^fnnlng  of  each  irith  pilots  looldng  directly  at  each  instrument, 

made  into  slides  and  used  as  a  reference  by  the  film  readers, 

A  detailed  discussion  of  the  reliability  of  the  film  analysis 
adore  is  Included  in  AF  Technical  Report  No.  5^7  (see  reference  2). 


in.  DEscRipnoN  OF  subjects’ 


It  was  decided  to  obtain  eyeHTlxation  data  for  a  group  of  subjects 
iras  fairly  typical  of  post-war  USAF  pilots,  for  example,  men  irtiose 
Silence  level  irould  range  from  moderate  to  eoqjert.  Some  of  the  most 
Sicienb  pilots  at  the  United  States  Air  Force  Instrument  Pilot  School, 
^dale  Air  Force  Base;  at  Wid-ght-Patterson  Air  Force  Base  Instrument 
Soolj  and  at  the  All  Weather  Flying  Division,  Clinton  Cotiaty  Air  Force 
Here  included  In  the  group.  Less  experienced  subjects  Included 
attending  the  Sistrument  School  at  Barksdale  and  pilots  stationed 
^  fright-Patterson.  The  hO  pilots  irtio  served  as  subjects  ranged  in  age 
23  to  37  years  with  an  average  of  28  years.  Their  total  flying  time 
^ied  from  700  to  5,000  hours,  with  an  average  of  approodmately  2,000 
;rur8.  Their  Instrument  flying  time  (hood  plus  weather)  varied  frcm  65 
j  500  hours,  with  an  average  of  approximately  200  hours.  The  number  of 
ractice  and  actual  GCA  approaches  irtdch  they  had  made  varied  from  0  to 
::5,  Seventeen  of  the  pilots  had  made  less  than  25  GCA  approaches,  both 
ractice  and  actual.  Of  these  1*5  only  2  had  no  ajcperience  with  GCA, 
summary  of  flying  experience  for  each  pilot  In  the  group  is  given  In 
■}hle  I,  Thirty-eight  of  these  were  the  same  pilots  employed  In  the  study 
:'IIAS  approaches  (roe  reference  It). 


IV.  RESULTS 


Ueans  standard  deviations  (root  mean  square  variations)  for  lumber 
'  sye  fixations  per  minute  and  for  length  of  fixation  cycle  on  each 
-Jtrument  are  summarized  in  Tabls  H  and  Ill.  (A  fixation  cycle  is  defined 
^  the  time  required  to  move  the  eyes  to  an  instsrument  plus  the  time  spent 
J  looking  at  that  instrument,)  The  data  aie  presented  separately  for  the 
^  periods  of  photographic  recording  (OU  and  MM)  as  well  as  for  the  two 
Bosches  made  ty  each  subject. 

Number  of  Fixations.  During  a  GCA  aiiproach  the  typical  pilot  In 
4b  group  made  an  average  of  95  fixations  per  minute.  Of  these,  33  were 
®the  directional  gyro  (heading  indicator),  21  were  on  the  gyro  horizon 
‘ttltude  indicator^  and  18  were  on  the  airspeed  indicator.  Thus, 
J^^'fQxlmatoly  77  percent  of  all  fixations  were  made  on  these  three 
^tiuments,  Ko  other  instrument  was  fixated  more  than  6  times  per  minute. 
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TABLE  I 


Summarj  of  Biographical  Information  for  the  I4O  Pilots  Who  Served  as  Subjects 
In  an  Experiment  to  Measure  Eye  Movements  When  Flying  GCA  Approaches 


Total  Hours 


Instrument 
living  Time 


Simulated 


Actual 
Approaches 
al  Current 


1 

27 

2500 

500 

300 

2 

30 

2500 

200 

100 

5 

25 

1300 

I4OO 

150 

31 

2500 

300 

15 

5 

31 

2100 

300 

18 

6 

2g 

3200 

350 

75 

7 

23 

2200 

215 

100 

26 

2700 

205 

30 

9 

37 

5000 

250 

15 

10 

27 

2800 

300 

100 

11 

33 

1350 

100 

8 

12 

28 

1600 

180 

15 

15 

26 

1350 

156 

50 

2h 

26 

2100 

300 

5U 

15 

28 

2U50 

170 

70 

16 

30 

3200 

225 

50 

17 

53 

1500 

150 

X 

IS 

29 

2300 

300 

0 

19 

28 

2150 

100 

k 

X 

33 

1500 

70 

32 

21 

26 

Ii450 

150 

20 

22 

27 

1800 

200 

27 

25 

29 

1300 

100 

205 

2h 

2k 

2300 

280 

loU 

25 

27 

900 

70 

6 

26 

25 

2850 

koo 

90 

27  . 

29 

1950 

250 

155 

2S 

27 

900 

100 

6 

29 

26 

2100 

300 

130 

30 

26 

850 

150 

0 

31 

25 

2650 

300 

10 

32 

28 

1650 

200 

1 

33 

•.1 

— 

1900 

200 

20 

314- 

28 

2100 

200 

25 

35 

26 

1700 

120 

17 

36 

26 

1800 

100 

12 

37 

28 

2000 

300 

75 

3S 

25 

1500 

95 

1 

39 

35 

h300 

200 

5 

40 

28 

700 

65 

2*0 

Mean 

28 

2075 

22U 

524 

Radian 

28 

1975 

200 

26 

16 

n  1/2 


11/2  0 
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TABLE  n 


jjeans  and  Standard  Deviaticais  of  Number  of  Fixations  per  Minute 
On  Each  Instrument  During  GCA  Approaches 
(N  -  i|0) 


in 


First 


Approa^ 


Second  Approach 

ai2 


Airspeed 


All  SamiJLes  Combined 


19^ 

ISJ^ 

17.2 

IS.O 

IS.2 

9.0 

9.9 

g.2 

10.2 

6.0 

Directional  C^o 

32.2 

32.S 

33.5 

3h.l 

33.5 

«.9 

10.1 

7.5 

9.9 

7.9 

Gyro  Horizon 

21.3 

20.S 

20.9 

19.5 

20.6 

g.6 

12.3 

9.S 

13.1 

9.5 

AltijQster 

3Ja- 

3.9 

5.0 

lu7 

lul 

3.S 

U«6 

5.6 

3»h 

Turn  -  Bank 

3.2 

3.1 

3.0 

3.0 

3.2 

5.5 

5.2 

1+.3 

5.5 

1^.7 

Vertical  Speed 

7.1 

5JU 

6^4- 

6.2 

6.2 

6.7 

6.2 

6.3 

6.9 

5.7 

Engine  Instrument  Panel 

3.1 

2.3 

2.9 

1.9 

2.6 

3.2 

2.9 

3J+ 

2.5 

2.3 

Total  Fixations.  AH  InsxromBr.»/S* 

96 

91.2 

92.S 

91.7 

93.0 

20.0 

2lu3 

16.9 

27.5 

16.7 

Ibieludes  those  mlsceUaneons  fixations 

(about  h  percent  of  the 

total)  that  could  not  be  attributed  to 

any  of  the  primary 

Instrasnts. 
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TABLE  HI 


Means  and  Standard  Deviations  of  Length  of  Fixations  on  Each 
Instnunent  During  QCA  Approaches  * 


N 

Mean 

S.D, 


N 

Mean 

S.D, 


N 

Mean 

S.D. 


N 

Mean 

S.D, 


N 

Mean 

S.D. 


N 

Mean 

S.D. 


First  Api 

3roach 

M 

.26 

as 

1*0 

.81 

1.00 

.25 

J*o 

1*0 

58 

.53 

.51* 

.IS 

.26 

55 

29 

Jko 

.58 

.25 

.18 

28 

22 

J*D 

.30 

.21 

.19 

27 

25 

.50 

M3 

.16 

.20 

23 

17 

.97 

.71 

.61 

.23 

1*0 

1*0 

ti 

.71 

.19 

Second  At 

egg  •  * 


Directional 


Uo 

1.01 


*0  Horizon 


Altimeter 


Turn  -  Bank 


;lne  Instrument  FeumI 


Average.  All  Fixatlonsw 


All  Data  Combined 


i40 

...57 

.17 


*  The  zraaber  of  subjects  varies  beoause  sobs  pilots  did  not  look  at  a  partioulir 
InstnaiiBnt  during  ona  of  tha  sampling  pex*loda« 

**  Includes  those  misoellaneous  fixations  that  could  not  be  attributed  to  anr  of 
the  primary  Instruments. 
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Althou^  the  total  numbei*  of  fixations  per  minute  during  GCA 
pproaches  is  less  than  that  discovered  dwing  HAS  approaches  (see  reference 
; )  the  frequency  of  checking  each  instrument  is  higher,  Tliis  is  possible 
there  is  one  less  instrument  to  check.  The  extra  tine  available 
juries  a  GCA  approach  (vihich  results  from  not  having  to  check  the  cross- 
^pinter)  seems  to  be  fairly  equitably  distributed  among  all  the-  instruments, 
instrument  is  checked  at  least  one  time  per  minixte  more,  and  no 
instrument  is  checked  over  five  times  per  minute  more,  than  during  an 

approach, 

Lengtli  of  Fixatic^  Cycle,  The  average  length  of  fixation  cycle 
fcff  this  group  of  pilcts  was  0,67  second.  The  instrument  that  required 
the  longest  time  for  fixation  ■was  the  directional  gyro,  Tri.'th  0,90  second. 
Lengths  of  fixation  cycle  for  the  remaining  instruments  were  as  follows: 
engine  instrument  panel  -  0,Si>  second,  airspeed  indicator  -  0,57  second, 
gyro  horigon  -  0,56  second,  ■vertical  speed  indicator  -  C,!47  second, 
altimeter  -  0,39  second,  -and  turn-bank  indicator  -  0,36  second. 

Comparing  the  present  GCA  data  witli  those  reported  elseurtaere  for 
HAS  (see  reference  It.),  it  can  be  noted  that  tlie  ieng'th  of  f ideation  cycle 
is  longer  for  all  instruments  during  GCA  approaches  than  during  ILAS 
approaches.  For  the  altimeter,  turn  and  bank  indicator,  and  gyro 
horizon  the  differences  are  small  and  not  particularly  consistent. 

Only  sli^tly  more  than  half  the  pilots  made  longer  fixations  on  "these 
instruments  during  the  GCA  approaches  than  they  did  dttring  the  ILAS 
approacties.  For  the  directional  gyro  and  "the  airspeed  indicator  the 
differences  are  large  and  consis-bent.  Over  90  percent  of  the  38  subjects 
common  to  both  groups  made  longer  fixations  on  these  instruments  during  the 
GCA  approaches  than  they  did  during  the  ILAS  approaches. 

Total  Tme  AHott^  to  ^ch  Instrument,  It  is  possible  to  express 
the  time  that  was  spent  in  observing  each  instrument  as  a  percentage  of 
the  total  time  available  to  the  pilot  during  an  approach,  (See  Figure  3*) 

The  a'vrerage  pilot  spent  approjziinately  I;9  percent  of  the  time  available  to 
him  in  looking  at  the  directional  gyro,  19  percent  in  looking  at  the  gyro 
horizon,  and  17  percent  in  looking  at  the  airspeed  ind5.cator.  Thus, 
during  a  GCA  approach,  "these  three  instruments  were  observed  during 
percent  of  all  tl®  time  available  during  "the  last  four  and  one— half 
^les  preceding  touchdown.  No  one  of  the  remaining  instruments  was  obseived 
for  more  than  5  percent  of  the  time. 

If  the  ins'trunents  are  ranked  according  to  the  amount  of  use 
wceived  during  a  OCA  approach,  the  oicder  of  relati"ve  impQr"tance  is  as 
oHctts:  1)  directional  gyro,  2)  gyro  horizon,  3)  airspeed  indicator, 

4J  ver"tical  speed  Indicator,  5)  engine  instrument  panel,  6)  altimeter, 

7)  turn  and  bank  indicator.  Considering  the  instriments  that  are 
coranon  to  both,  this  order  differs  from  that  discovered  for  HAS  approaches 
^  only  one  respect.  During  an  HAS  approach  the  engine  -Instrument 
P^l  received  slightly  more  attention  (less  than  1  percent  more)  than 
d  "the  vertical  speed  Indicator,  In  ln"berpretlng  these  data  it  should  be 
remembered  that  a  safety  pilot  was  present.  If  this  relieved  the  pilot 
'^0  was  flying  the  aircraft  of  some  anxiety  about  flying  into  the  ground. 


LENGTH  OF  EYE  FIXATIONS  AND  NUMBER  OF  FIXATIONS  ON  AIR 
CRAFT  INSTRUMENTS  DURING  QQ/\APPROACHES 


*  -ay  have  led.  In  some  cases,  to  less  treqvent  use  of  l^^t^ter 
would  bo  true  for  an  Instrument  approach  under  actual  "weather 

^tions. 

Agreement  Between  Different  Bye  llcveiaent  Sa^es.  Means  and  standard 
were  c<*?mied  sep^ately  for  eSlch  periXI  of  measuremmt,  i.e. 
r+^ar  marker*  and  %iiddle  marker*  on  both  first  and  second  approaches* 

^ble  IV  shows,  for  each  InstrAent,  differences,  correlations,  and 
Ifn  ratios  between  the  means  of  number  of  fixations  per  i^ute  m^ 

^ming  each  sample.  None  of  the  “t«  ratios  are  significant  at  the 

level  of  evidence  and  only  three  are  significant  at  the  O.O5  level 
J  confidence,  a  condition  which  would  be  expected  to  arise  by  charoe. 

Lr  one  of  the  US  correlation  coefficients  fails  to  be  significant  at 
the  0*05  level  of  confidence  and  ill  are  significant  at  the  0*01  level 
Tf  confidence*  This  is  sufficient  evidence  to  justify  the  conclusion 
Uiat  there  is  genuine  haiiogeneity  among  the  different  samples  Insofar 
a5  number  of  fixations  is  concerned* 


Table  V  summarizes  comparable  data  for  length  of  fixation  cycle 
for  the  throe  Instruments  on  itfiich  the  pilots  spent  S5  percent  of  their 
ties,  and  for  the  average  length  of  flxaticn  cycle  for  alL  Instr^ts 
combined*  Here  5  of  the  2U  "t"  ratios  are  slg^icant  at  the  O.Cl  level  of 
confidence  and  5  additional  ones  are  significant  at  the  0*05  level  of 
confidence* 


The  length  of  fixation  on  the  airspeed  indicator  at  1+  l/2  miles  fran 
touch-down  point  on  the  first  approach  was  significantly  longer  than  during 
any  of  'tho  romalnins  saxnplss#  This  Is  difficult  to  cxpl&in  sines  ^ 

there  are  no  significant  differences  between  the  three  remaining  samples* 


The  data  for  length  of  fixation  on  the  directional  gyro  reveal  that 
subjects  consistently  made  shorter  fixations  at  k  1/2  miles  from  touch- 
ionri  point  than  they  did  at  1  l/2  miles  flrom  touch-down  point.  In  other 
*oc*ds,  as  they  neared  touch-down  point  the  amount  of  time  spent  in  checldng 
the  directional  gyro  each  time  it  was  looked  at, became  longer*  This  change 
was  of  similar  magnitude  during  both  approaches*  To  assum%  simpljj  that 
pilots  concentrate  more  on  heading  as  they  get  closer  to  the  runway  does 
not  coo?)letely  eaqilaln  this  difference  since  the  Increase  in  nuifeer  of 
fixations  on  this  Imstrument  is  very  small*  It  seems  more  reasonable 
to  accept  the  hypothesis  that  as  the  pilot  approaches  the  runway  he  attempts 
to  hold  his  assigned  heading  to  amaller  and  smaller  tolerances*  This  means 
he  most  read  the  directional  gyro  more  exactly^  this  eould  reasonably  be 
expected  to  increase  the  difficulty  of  reading  the  Instrument  and  the  time 
Pequirod  for  reading*  This  agrees  with  the  supposition  that  length  of 
fixation  is  an*  index  of  the  difficulty  of  reading  an  instrument* 

It  is  obvious  that  relatively  large  differences  in  length  of  fixatlra 
on  the  directional  gyro  (which  is  the  most-frequently-checked  Instrument), 
it  different  positions  on  the  GCA  approach,  affect  the  length  of  the  mean 
fixations*  In  two  instances  this  effect  is  sufficient  to  make  these 
iiffezwnces  significant* 
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TABLE  IV 

prances  in  Number  of  Fixations,  Correlation  Coefficients,  an^t" 

(MU^  Prom  Touch-Doim  Politbe 
^  (N  -  1*0) 


1 

,'>*2 


OMi 

'.Oil 

O’i? 


01i]_ 

UiJl 

01*2 


(Ml 

01*2 


CMl 

'JMi 

(M2. 


CMl 

% 

3*2 


UU'^ 

OUg 


ou. 


diff. 

r  t 

diff.  £ 

t 

diff. 

^  t 

T  ^ 

-1.0 

.62»»*  .79 

Airspeed 

-2.2  .55**  : 

-1.2  Ja&** 

1.72 

-1.5 

-Oj* 

o.g 

,314#  .81* 

.72**  .37 
.78»*  .75 

0.5 

Directional  Gyro 

.71»»  *5!? 

O.S  .7o*» 

1.32' 

.73 

2.5 

1.9 

1.2 

.^**  1.92 
.53**  1.26 
.61***  .97 

-0.6 

.66»>*  .3^ 

Gvro  Horizon 

-0.5  .53** 

0.1  .66** 

.31* 

.05 

-1.9 

—1.3 

-iJ* 

.51**  i.ol* 
.80**  "UCd 
.67**  .91 

-1.6 

.55**  2.69* 

Altimeter 

-0.5  *57* 

1.1  .3I4* 

.60 

iJiB 

-1.0 

0.5 

—0.6 

.21*  1.06 
.35* 

Jil**  .61* 

Turn  -  Bank 

.73**  1.29 
.95**  J49 
.90**  — 

—0.7 

.79»t*  1.15 

-O.S  .76** 

-0.1  .73** 

1J42 

.23 

^O.S 

-0.1 

Vertical  Speed 

-1.7 

,7U.-iH*  2,36» 

0.7  .7^ 

1.0  .61** 

.97 

1.16 

-0.9 

0.8 

-0.2 

.66**  .32 
.69**  .9G 
.67**  .26 

Eng^ 

ina  Instrument  Panel 

Ja**  2.25 

.35*  .79 

.38*  1.85 

o.g 

J[46*»  1.51 

-0.1  J4.9** 

0.6  .67** 

^26 

1.50 

-1.1 

-cJU 

-1.0 

Total  Fixations,  AH  Instrunents 

-5.2 

.63**  1.^ 

—3 .5  .60** 

1.6  .55** 

1.33 

.50 

“U.7 

0.5 

-1.2 

.51***  1.25 
.62**  .13 

.79**  J*2 

*  Significant  at  the  .05  level  of  confidence. 
■>»*  Significant  at  the  .00.  level  of  confidence. 
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TABLE  V 


Hean  Differences  in  Length  of  Fixation^  Correlation  Coefficients, 
and  "t"  Ratios  for  Two  Different  Segments  of  Each  of  Two  GCA 
Approaches*  Cocparisons  ax«  Between  30  Second  Samples  Begun  at 
I4.  1/2  Ifiles  (on)  and  at  1  l/2  Miles  (UM)  Firom  Touch-Down  Point* 


ISb. 

0th 

dlff. 

T 

t  dlff. 

r 

t 

dlff* 

r 

t 

1  . 
Airspeed  (N 

-  37) 

-ao 

.32 

2.25*  -*09 

.25 

2*0^* 

-*12 

.15 

2j[tO* 

.01 

.59** 

.3S 

-*02 

J+9** 

.65 

-.C9 

J+0* 

.97 

Directional  Gyr 

* 

0  (N  -  I4O) 

-a9 

3.73**  .OU 

.99 

.20 

J+5** 

3*145** 

-.15 

.62w» 

3.<^** 

.01 

.6^ 

.21+ 

•16 

*70** 

3J+9»* 

G3rro  Horizon  (N  ■  36) 

.02 

*71** 

.SO  *05 

*70»»* 

2*06* 

.06 

.53** 

1.26 

.05 

•70** 

1.0g 

.OU 

.55** 

.«! 

.01 

JlO* 

.19 

All  InstiToments  Combined  (N 

-1+0) 

*06 

.73** 

2*92»»  *02 

.59** 

1*06 

*06 

.61+** 

2*51* 

-.0i+ 

.51** 

1.53 

*00 

*70** 

.01+ 

*62** 

1*67 

Significant  at  the  *03  level  of  confidence. 
Significant  at  the  *01  level  of  confidence* 


Ihe«  statistics  ss»  to  tadlwt.  that  liactar  «  Isneth  5^*1” 

on  the  directional  gyro  is  concerned,  there  is  a 

4■^^a.  aa+a  rniiActfid  st  it  1/2  loiles  flrom  touch-down  point  and  that 

p^cular  positton  on  the  first  approach  is  hmogen^ 

Sthe  same  position  on  the  second  approadi. 

standard  deviation  shown  in  Table  II  in  the  column  ^ 

Combined"  do  not  adequately  describe  the  length 

dii*ectional  gyro  daring  a  GCA  approach.  However,  it  is  felt  ^t  the 

differences  between  instruments  are  so  large  as  to 

Sightly  by  the  interaction  idth  distance  fton  to^hr^own  pol^.  This 

can  be  illustrated  by  ranking  the  instrummts  a  rank 

wjcation  at  the  outer  marker  and  the  middle  marker  and  computing  a  rank 

ms  carrslAticc  is  0.96  for  spproaeh  cos  snd  0.95 

for  approach  ‘tvo» 

It  Hill  be  noted  that  in  Tables  II  and  17  the  number  of  ^ 

ia  ho  Hhereas  in  Tables  III  and  V  the  number  of  cases  v^s. 

Scause  all  subjects  did  not  look  at  all  Instrumsnts  during  each  saigllng 
nerlod.  Hhen  that  happened,  the  nontoer  of  fixations  for  sudi  s^jects 
OT  certain  instruments  -was  zero.  This  is  a  measure  nhi^  ^ 
calculations  involving  number  of  fisations  (Tables  H  and 
•irhen  number  of  flxatiois  is  zero,  no  measure  of  leng^  of  f ^ 
available,  so  data  fcr  such  subjectsmost  be  catted  from  all  calculatl 
involving  length  of  fixation  (Tables  HI  and  V), 

Relation  Between  Frequency  of 

*PflM  eQrrQjSEIcD  co6xf3-Cl.6D^3  for  of  OQ  • 

number  of  fixations  on  each  Instrument.  TheM 

for  three  of  the  instruments.  Pilots  mho  made  a  l®ff ® 

on  the  directional  gyro  tended  to  make  shorter  fixati^  than  di^Hots 

nho  made  fewer  fixations.  Conversely,  pilots  J  ^^f^SftTiiialcB 

of  fixations  on  the  altimeter  and  ^ 

longer  fixations  than  did  pilots  who  made  fewer  fljcatlons  on 

iSni-rts.  (The  coiwl«tl(ii  bet.^  .TOage  no^ 

of  fixation  for  all  Instruments  combined  is  not  -1.00 

drawn  over  a  fixed  period  of  time,  and  diffe^t  subjects  made  different 

total  numbers  of  fixations  during  this  time.) 

Weighting.  Table  VH  shows  the  length  of.  fixation  for  e^  Inotwmenb 
whan  ^e  S^iglng  is  with  regard  for  flxatlone  Instead  of  subjects.  This 
was  calculated  by  the  formula 

Total  ftwMS  for  an^^rument  ■  ^  tram 


Total  Fixations  on  the  insxrumKiu 
which  weights  each  ^ye  fixation 

weight  to  the  subject  iho  made  the  most  ftotioos.  At  m 

in  this  report  averages  were  computed  in  such  a  way  as  to  wei^t  oqpally 

the  data  contributed  by  each  subject. 
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TABLE  71 


CosTelationef*  Belafroon  Length  of  Fixation  and  Nunber  of  Fixations 
Hade  on  the  IVijnary  Instruments  by  USAF  Pilots 
nylng  GCA  Approaches 


Instrument 

H 

Air  Speed 

hP 

-.09 

Directional  Gyro 

ho 

-.64 

Gyro  Horlson 

UO 

-ao 

Aitiibter 

ho 

.52 

Turn  and  Bank 

33 

.30 

Vertical  Speed 

33 

Engine  Instrument  Panel 

-a9 

An  Instruments  Combined 

40 

-.9S 

«  A  negative  correlation  Indicates  that  the  pilots  eho  make 
longer  individtial  fixations  on  an  instrument  tend  to  check 
that  instrument  less  frequently* 


TABLE  7II 


Average  Length  of  Fixation  on  Each  Instrument  During  GCA  Approaches 

Average  Length  of  Fixation  (seconds) 


Instrument 


Weighted  by  fixations  Tfeighted  by  subjects 


Air  Speed 

.56 

.57 

Directional  Gyro 

.67 

.90 

Gyro  Horizon 

.53 

.56 

Altimeter 

dil 

.39 

Turn  and  Bank 

J42 

.36 

Vertical  Speed 

.50 

Jh7 

Engine  Instrument  Panel 
Average  Fixation,  All 

Instsruments 

.64 

.67 

%7 
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F-< -ration  Sequences  (E^na  Movement  yjk  Valutts),  Any 
nattem  of  eye  m^v^ents;  the  eye  fixation  se^ncea,  revealed  ^ 
Ku^^hould^  prefaced  by  the  statement  that  the  pat^  of  JJ® 

!a3  no  doubt,  considerably  affected  by  the  arrai^anent  of  . 

The’n^el.  These  data  were  collected  on  pilots  liio  ^ 

^aSSnient  established  by  Technical  Or^Ol-l-l^. 

S  Force  arrangement  at  the  tl*e  the  study  was  made  (See  Figure  2). 

The  U2  eye  morements  or  "links"  between  ^^e  six  lll^t  Inst^en^  and 
the  engine  liitrument  panel  that  are  possible  with  this  arrangcBient  are 
Ssted^in  Table  VIII  in  descending  order  of 
Srength  of  the  bonds  between  pairs  of  Instruments 

Values),  based  on  the  frequency  of  ep  movements  in  both  directions  between 
two  instruments,  is  shown  In  Figure  l4.* 

It  can  be  seen  from  an  inspection  of  Table  VIII  that  there 
very  Important  eye  movements  made  by  these  pi^ts.  These 
the  gyro  horizon  to  the  directional  gyro,  2)  fron  the  directional  gyw  to 
the  Srspeed  indicator,  3)  the  directional  gyro  to  the  g^o  horizm, 

aS  U)  the  airspeed  indicator  to  the  directional  gyro.  ^®®® 

™^emen"^ccuri^d  ^e  than  1,000  times  out  of  the  total  of  7,382  eye 
movements  classified.  Together  they  accounted  for  59  percent  of  all  eye  move¬ 
ments  made  daring  the  GCA  approaches. 

Movements  to  the  right  and  movements  to  tto  left 
instruments  occurred  with  approximately  equal 

that  there  was  no  carry-over  of  the  reading  tobit  In  ^ 

tend  to  be  made  to  the  right,  and  long  ones  to  the  1®^* 

that  there  was  little  tendency  for  pilots  to  check  several  Instruments  In 

a  fixed  sequence# 

As  was  stated  in  a  previous  report,  "Oi  a  priori  poun^  it  seems  that 
a  good  instrument  panel  arrangement  would  be  on®  on  '"Jich  . 

frequent  eye-oovement  paths  are  short  and  are  horizpt^  p  ^  *«f4An 
a  iLitedliLunt  of  experimental  evidence  to  support  this 
Inspection  of  Figure  h  reveals  that  the  ^el  arran^t  ^  f 
stuS  meets  these  conditions  exceptionally  well.  Hewevp,  it  should  ^ 
emphasized  that  the  particular  instrument  ®r^f®®®>^t  ®t^ed  may  haw 
influenced  the  data  shown  in  Figaare  U  to  a  considerable  degree.  A  different 
Instrument  arrangement  might  produce  soneidiat  different  Link  values# 

This  problem  will  be  covered  in  a  subsequent  report. 

Effect  of  Experience  on  Eye  Movement  Measures.  The  relaUons  between 
flying  experience,  as  represen^d  by  total  flying  time,  and  1)  number  of 
fixations  per  minute  and  2)  duration  of  fixation  cycle,  are  summarized  In 
Table  IX. 

It  is  interesting  to  note  that  the  correlation  coefficient  fol*  tot^ 
fixations  on  all  instmments,  although  too  small  to  be  significant,  wries 
in  the  same  direction  as  was  ti*ue  for  HAS  approaches  (see  refejrence  Uj. 
However,  none  of  the  16  correlation  coefficients  are  significant  at  the 
0,05  level  of  confidence.  Hence,  for  the  forty  pilots  In  this  group,  it 
must  be  concluded  that  flying  experience,  as  measures  by  total  hours  flying 
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vf^qottDcy  of  Occurrence  cf  Bye  Bovenants  Between  Fairs  of  Ihstrainents 
in  laying  OCA  Approaches 


1* 

qM 

to 

v/a 

-  1169 

22, 

Alt 

to 

7/s 

-  65 

z. 

d/5 

to 

-1097 

25. 

gA 

to 

tA 

-  61 

?• 

D/l 

to 

qa 

-1095 

24. 

7A 

to 

Vs 

-  51 

A/S 

to 

ba 

-  1025 

25. 

gA 

to 

Alt 

-  50 

5» 

VS 

to 

QA 

-  259 

26. 

eA 

to 

gA 

-  45 

6. 

7/3 

to 

aA 

206 

27. 

Alt 

to 

TA 

•7  44 

7. 

0/& 

to 

-  200 

2S. 

Alt 

to 

qA 

-  43 

D/0 

to 

tA 

-  192 

29. 

7/S 

to 

Zfl 

-  59 

9. 

7/S 

to 

D/G 

-  165 

50. 

tA 

to 

A/s 

-  56 

10. 

D/l 

to 

Alt 

-  m 

51. 

A/S 

to 

tA 

-36 

11. 

A/S 

to 

Alt 

-  ih6 

52. 

7/S 

to 

Alt 

-  55 

12. 

Alt 

to 

Di5 

-  11,1 

5^ 

BA 

to 

A/s 

-  30 

Q/b 

to 

ifs 

-  159 

54. 

TA 

to 

Alt 

-  21 

iL 

to 

D^ 

-  122 

55. 

BA 

to 

7/S 

-  IS 

15. 

D>fe 

to 

-  US 

56. 

A/s 

to 

bA 

-  17 

16. 

Alt 

to 

A/S 

-  115 

57. 

tA 

to 

7A 

-  16 

17. 

to 

d>5 

-  icn. 

56. 

7/S 

to 

tA 

-  15 

IS. 

to 

-  ss 

59. 

tA 

to 

EA 

-  n 

19. 

to 

qM 

-  S5 

40. 

eA 

to 

A/s 

-  5 

20. 

D/G 

to 

sA 

-  79 

la. 

Alt 

to 

eA 

-  3 

a. 

A/S 

to 

7/s 

69 

42. 

BA 

to 

tA 

-  5 

a/s  -  Air  Speed  Indicator 

D/}  ••  Directional  Qyro 

0^  -  Qyro  Horlsoo 

E/I  •  Aagine  Instrument  Panel 

Alt  -  Aitiaater 

T/B  -  Tuxn  and  BanOc  Indicator 

7/5  -  Tertical  Speed  Indicator 
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TABLE  IX 


■The  Relation  Betroen  Total  flying  Time  and  Eye-Movement  Measures 
Made  During  GCA  Approaches 


Ho«  Fixations  Duration  of 

Tnsiyument  N  per  lllnutei^  Fixation  Cycled 


Air  Speed 

Uo 

.03 

.15 

Directional  Gyro 

ho 

.0? 

-.21. 

Gyro  Horizon 

ho 

,  -31 

.17 

Altimeter 

ho 

.06 

.01 

and  Bank 

55 

,0S 

-.05 

Vertical  Speed 

35 

-.01 

-.13 

Engine  Instrument  Panel 

51 

-.20 

.23 

Total  Fixations,  All 

i^o 

-.13 

Instruments 

•32 

*  A  positive  correlation  indicates  that  more  experienced 
pilots  checked  an  instinunent  more  often;  a  negative 
correlation  that  they  checked  it  less  often* 

■JHi-  A  positive  con'elation  indicates  that  more  experienced 
pilots  made  longer  fixations;  a  negative  correlation 
that  they  made  shorter  fixations* 


tindy  >*««  no  slgolTicant  relation  to  length  of  floaitlon  and  iwaiher  of 
fixations  per  minate* 

The  relation  between  eyeHBovement  asasurea  and  Instrument  flying 
■K^Tnft  is  similar  to  that  discussed  above*  Qie  eoefflelent  of  eoErrelatloD 
between  total  nuober  of  fixations  per  minute  apod  hours  of  instruannt 
(hood  plus  -weather)  time  is  0*l6*  The  eorrelatlcn  between  length  of  the 
average  fixation  and  hours  of  Instrumenl^  flying  aocperlenee  is 
This  is  to  be  expected  stnce^  for  this  group  of  subjects^  there  is  a  sig¬ 
nificant  relation  (r  *  0«24j6)  be-tween  to-tal  flying  time  and  instrument 
flying  time* 

The  effect  of  total  amount  of  pre-vlous  GCA  expexience  on  the  rate 
of  fixation  Is  summarized  in  Table  !•  If  the  group  is  divided  into  four 
equal  sub-groi^,  using  as  the  cri-terlon  numiber  of  OCA  approaches  idilch 
have  been  flown  by  each  subject*  -the  mean  number  of  fixations  per  adnute 
is  somewhat  lower  for  the  least  experienced  sub-group*  However*  -the 
differences  between  individuals  -within  each  group  are  so  large  that  the 
differences  be-tween  group  means  are  not  significant* 

The  effect*  ,  on  rate  of  fixation*  of  GCA  esqperlence  during  the  90  days 
preceding  the  experimen-bal  flight  is  shown  in  Table  H.  There  is  a 
sugges-tLon  -that  the  less  eoperienced  subjec-ts  may  make  soaierwfaat  fewer 
fixations  per  minute  (hence*  fixations  of  longer  duration)}  but  again*  the 
individual  differences  are  so  large  that  the  differences  between  the  sub¬ 
group  are  not  statistically  significant  and  are  of  no  practical 

importance* 

It  must  be  concluded  that  -ibis  group  of  subjects  falls  to  denonstra-te 
any  significant  relation  between  ra-be  of  fixation  and  flying  ea^perience 
as  measured  by  total  flying  hours*  b7  instrument  flying  hours*  or  by 
number  of  GCA  approaches  flom  by  each  pilot* 


y.  soioim 


1*  The  frequency*  duration*  and  sequence  of  eye  fixa-blons  made 
by  foxiy  USAF  pilots  -when  flying  GCA  approaches  were  recorded* 

2*  Fixatlcns  on  -the  prlmaxy  instruments  varied  fTon  an  average  of 
33  per  sdnute  on  the  directional  gyro  to  3  per  minu-be  on  the  turn  and  hank 
indicator*  The  group  of  piio-ts  averaged  95  fixations  per  ndnute;  over 
three-fourths  of  these  -were  on  the  directldnal  gyro*  gyro  horlson*  and 
airspeed  indicator* 

3*  The  length  of  fixa-tlon  cycle  varied  from  an  average  of  0*90 
second  on  the  directional  gyro  to  0*36  secoxkl  on  the  -bum  and  bank 
indicator*  Length  of  -the  average  flxa-bion  was  0*67  second* 

\ 

The  average  pilot  spent  approximately  ona-half  of  his  time  looking 
at  -the  directional  gyro  and  an  addltldoal  four--benth8  of  his  time  looking 
at  the  gyro  horizon  and  airspeed  indicator* 
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lABLEZ 

{{Ration  Between  Total  Fk'erlous  GCA  Biqperlence  and  Rate  of  E^e 
Fixation  Ihen  Flying  GCA  Approaohes 


Ho#  Flxatloofl  Per  lUnate 
Range  Mean  ^«I 


I 

0 

-  10 

10 

6&*108 

S3.9 

12.5 

n 

11 

-  25 

i 

10 

63-129 

95.1 

22.1 

ni 

26 

-  90 

10 

73-122 

96.1 

21.7 

IV 

91 

-  or  nore 

10 

59-125 

96.2 

15.5 

TABLE  XI 

Relation  Betireen  Current  OCA  Bsperlence  (90  Days  Preceding  the 
Study)  and  Rate  of  Eye  Fixation  Hhen  Flying  GCA  Approaches 


3ub-Grout 


iches)  N 


No#  FlxatioM  Per  Minute 
jitre  Mean 


X 

0 

-  5 

10 

68-108 

86.8 

12.2 

II 

h 

-  11 

10 

63-129 

92.2 

21.9 

III 

12 

-  27 

9 

71^-125 

100.9 

19.5 

17 

2g 

-  or  more 

11 

59-122 

92.2 

19.0 
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Aaong  these  forty  pilots  flying  cqperlsDce  did  not  here  any 
^Ifieant  relation  to  rate  of  079  fixation* 

Bye  liovenent  T.^tllf  Values  between  all  inatmiBents  sore  detendned* 
^  these  valnes  It  is  possible  to  specify  m  arrangeamt  of  instruaents 
panel  that  is  optimia  fron  the  point  of  yisw  of  eye  aorenants* 

^  arrangeiBent  used  in  this  ea^>erinent  (see  Figure  2)  is  an  excel  lent 
for  use  during  OCA.  approaches;  hcwerer,  the  optinun  arrangaatent  sill 
fitier  ^oT  different  aaneavers*  Therefore,  recoaaiwndatlons  oh  this  point 
^  withheld,  pending  the  coapletlon  of  siarilar  analyses  for  other 
^euvers  and  other  instnaaent  panel  arrangements* 


'^-5967 


21 


biblicxjraphical  refekences 


1* 


2. 


P.  lU  Fitts  and  C.  w.  Siinon  Effect  of  pointer  position 
ho^CTital 

5or585if%C5r 


E.  E.  Jones,  J.  L.  Milton  and  P.  M.  Fitts  ^  « 

^c^af^pii^e.  1. 


Cc..paTatlye_a^.of^pU^^f^^e 


W,  McGehee  uomparapive  away  yx  llrT-^ 

Wrument  panels.  Jf'Sll  Report;  Project  ■i:hu  wo.  axi^^l, 
U,  S.  Jlavy. 


lu 


J.  L.  mton,  B,  B.  Ja-  and  P-  «•  Eve  atocraft 

allots,  II.  P~n.iencT.  dvgatlon  and  sequence  or  I'Mcatiais 


Tiiaots.  II.  Freemency,  ouraT^xuii  T  M  TrT — ii:n."~ 

ne.4nir'4-liA  TOAff  in«Tir'"»^t  low  ap-proach  system  (ILAS;.  us^ 

^^tSlei  i4^°rt  Mo/mmSEer  19l»9. 


AF-tr-9967 


22 


